The differential sensitivities to permanganate oxidation of the red and far-red forms of native phytochrome from Avena sativa L. cv Mulaga (isolated as Pfr from red-irradiated tissue) and of partially degraded phytochrome (isolated as Pr from nonirradiated tissue) were determined. The far-red absorbing form of partially degraded phytochrome was 5 times more sensitive than its red-absorbing form, while both the far-red and red forms of native phytochrome exhibited identical sensitivity. The present data obtained with partially degraded phytochrome are in apparent agreement with the data and model of Hahn, Kang, and Song (1980 Biochem Biophys Res Commun 97: 1317-1323. Their model suggests that the chromophore of the red-absorbing form of phytochrome is buried in a hydrophobic crevice in the protein, while that of the far-red form is exposed. The data obtained with native phytochrome, however, are at variance with their model. Our data obtained with native phytochrome suggests that the chromophore of the red and the far-red absorbing forms of native phytochrome both are in a relatively protected environment and that only following partial proteolytic degradation of the phytochrome does the chromophore of its far-red form become relatively more exposed. The protective influence of the labile peptide could either be direct, because of its close physical proximity to the chromophore, or indirect, resulting in an alteration in chromophore-protein interaction.
The photochromic plant pigment phytochrome acts as the primary photoreceptor for red light-mediated morphogenic responses in plants. It is generally accepted that the red-absorbing form of the molecule, Pr, is biologically inactive, whereas the far-red absorbing form, Pfr, is active (9) . The absorbance maximum of Pfr in vivo is near 735 nm (1, 3, 7, 8) . Pfr exhibiting in vivo spectral characteristics can be obtained in plant extracts if it is phototransformed from Pr in vivo by red irradiation prior to extraction, or if phototransformed in vitro immediately after extraction, and has been termed 'long-wavelength Pfr', (PfjW) ( 1, 2, 7) . Phytochrome from oats and a number of other plants, when purified as Pr, gives rise upon photoconversion to a Pfr form which has an absorbance maximum at a shorter wavelength, at about 725 nm (1, 2, 11, 12) . This form was termed 'short wavelength Pfr' (Pfw) (7) . Evidence has been presented suggesting that native Pr (P,w) is altered following extraction to a Pr form, (Psw), which photoconverts to Pfr (1) . ' This work was supported in part by the Tsvi Meremeski and Sonia Meremeski Research Fund.
Vierstra and Quail (11, 12) have recently shown that long wavelength phytochrome represents the native molecule and that the short wavelength form represents a partially degraded form arising as a result of limited proteolysis of the native molecule. Native phytochrome, they reported, has a subunit size of 124 kD, its Pfr form exhibits long wavelength characteristics, and if extracted in its Pfr form it is resistant to proteolysis by endogenous proteases. If phytochrome, however, is extracted as Pr, endogenous proteases rapidly partially degrade the molecule to a form composed of 118 and 114 kD peptides and with a concomitant shift in the Xmax of the Pfr form from 730 to 722 nm.
The photoconversion of phytochrome to its active form probably involves changes in the protein and/or chromophore. Thus, many comparative studies have been performed to elucidate differences between the chemical and physical properties of Pr and Pfr. Most of these studies have been performed with oat phytochrome purified as Pr, which is proteolytically altered and which, on photoconversion, gives rise to the short wavelength pTfW form. As the PI' does not represent the native in vivo form, it will be necessary to reexamine with native phytochrome isolated as Pfr the differences in the chemical and physical properties between Pr and Pfr.
Hahn et al. (5) have measured the differential reactivities of the Pr and Pfr chromophores to permanganate oxidation in order to ascertain differences in the degree of exposure of chromophores in the Pr and Pfr forms of phytochrome. They used, however, the altered short wavelength form, PfsrT, which was partially proteolytically degraded. It was concluded from these studies that Pfr has a chromophore which is nearly completely exposed to the medium while the Pr chromophore is much less accessible.
In the present paper, we present new information on the structure of phytochrome, obtained from studies on the differential sensitivities to permanganate oxidation of the red and farred forms of both native and partially degraded phytochrome.
MATERIALS AND METHODS
Phytochrome was partially purified from fresh 6-d-old darkgrown (25°C) shoots ofoat seedlings (Avena sativa L. cv Mulaga). Partially degraded (short wavelength) phytochrome was extracted from nonirradiated tissue. Native (long wavelength) phytochrome was extracted from fresh harvested tissue following 3-min irradiation at 25°C with light from two red fluorescent lamps (fluence rate, 0.6 w m-2).
Phytochrome was extracted by homogenizing the chilled tissue in 1 part (w/v) cold extraction medium (50 mm Tris-HCl, pH 8.5, 0.2% 2-mercaptoethanol). The extract was filtered through Plant Physiol. Vol. 73, 1983 nylon 400-mesh Miracloth, cleared by centrifugation (35,000g, 0.5 h), and chromatographed on a brushite column as described by Hopkins and Butler (6) . The brushite-purified phytochrome was precipitated with 20% (w/v) (NH4)2SO4, resuspended to onetwentieth of the original volume in 100 mm K-phosphate (pH 7.8) containing 1 mm EDTA and 50 mM KCI, and passed through a Sephadex G-50 column to remove residual (NH4)2SO4 and mercaptoethanol. Harvesting, extraction, and all subsequent manipulations were carried out under green safelight, unless otherwise indicated.
Absorbance of phytochrome was measured at 25°C with a single beam spectrophotometer on line to a minicomputer, as previously described (7). Pfs' and pLW were obtained by phototransformation, respectively, of partially purified Psw and Pfi iw. (5) on the basis of their data obtained with phytochrome isolated as Pr, suggested a model for the changes in the configuration of the protein upon photoconversion. In the model, they suggested that the chromophore of Pr is buried in a hydrophobic crevice in the protein and hence exhibits low reactivity to permanganate oxidation. In contrast, they suggest that, on photoconversion to Pfr, the chromophore becomes exposed, resulting in a much higher sensitivity to oxidation by the added permanganate. However, because this phytochrome was isolated as Pr, it had probably undergone limited proteolysis, judging from its altered spectral properties (1, 1 1) . We confirm the data of Hahn et al. (5) , that the Pfr form of partially denatured phytochrome, Pfr, is indeed more sensitive to permanganate oxidation than is its Pr form, Prw (Fig. IA, Table II ).
In contrast, however, we find that both the Pr and Pfr forms of native phytochrome, PjWw and pew, exhibit identical sensitivities to permanganate oxidation ( Fig. 1 B, Table II ), the degree of sensitivity being similar to that of Prw. Mixing experiments (Table I ) ruled out the possibility that the differences in sensitivities between the two Pfr forms were due to the presence of unknown factors in either extract. Furthermore, it should be noted that incubation of P,1w for 24 h resulted in the proteolytic degradation of the molecule to a 7S species and that the phytochrome exhibited the spectral characteristics of PfT' and became much more sensitive to permanganate oxidation (Table II) . If, however, native phytochrome was incubated for 24 h as Pfr, the 7S proteolytic product retained long wavelength spectral characteristics and both the Pr and Pfr forms exhibited low sensitivity to permanganate oxidation similar to those of the native forms (Table II) .
Thus, while the present data obtained with partially degraded phytochrome isolated as Pr are in agreement with the data and model of Hahn et al. (5) , the data obtained with native phytochrome are in variance with their model. Our data suggest that the chromophores of both the Pr and Pfr forms of native phytochrome are in a relatively protected environment and only following partial proteolytic degradation does the Pfr chromophore become exposed or altered. It is suggested that this proteolytically labile peptide is either in close physical proximity to the chromophore or that its presence alters chromophore-protein interaction, inasmuch as its presence both alters the spectral properties of Pfr and the sensitivity of Pfr to permanganate oxidation.
Vierstra and Quail (1 1, 12) , have shown that, upon photoconversion of native Pr (Prw) to Pfr (Pf;jW), there is a conformational change in the protein making the peptide segment which undergoes proteolysis in the Pr form inaccessible to proteolysis in its Pfr form. Apparently this peptide is in a very strongly protected environment when phytochrome is in its Pfr but not in its Pr form since even after proteolysis of p`fw from the large 14S species to the 7S species there is no major change either in its spectral properties or in its sensitivity to permanganate oxidation.
LITERATURE CITED
